Rationale: Patients with non-small cell lung cancer (NSCLC) with mutated epidermal growth factor receptor (EGFR) are relatively sensitive to EGFR-tyrosine kinase inhibitor (TKI) treatment and have longer progression-free survival (PFS) when treated with EGFR-TKI compared with platinum-based chemotherapy. However, many patients with advanced NSCLC who have mutated EGFR do not respond to first-line EGFR-TKI treatment and still have shorter PFS.
Non-small cell lung cancer (NSCLC) is the most common form of lung cancer and is the leading cause of cancer-related death in many countries. Approximately two-thirds of patients with NSCLC are diagnosed at an advanced stage (1) . Until recently, conventional treatment with cytotoxic chemotherapy provided limited efficacy and had significant toxicity (2) . In 2004, three studies reported that tumors with epidermal growth factor receptor (EGFR) mutations were highly sensitive to a targeting agent, a tyrosine kinase inhibitor (TKI), which is known as EGFR-TKI (3) (4) (5) . Subsequent phase III randomized clinical trials reported longer median progression-free survival (PFS) in patients with mutated EGFR treated with first-line EGFR-TKIs (gefitinib, erlotinib, and afatinib) compared with those treated with standard platinum-based chemotherapy (6) (7) (8) (9) (10) (11) (12) . Testing for EGFR mutation has since become a standard of therapy in patients with advanced NSCLC (13) . Our account of targeted therapy for NSCLC is brief; more comprehensive reviews have been published recently (14, 15) .
Despite these promising results, a cumulative review of the literature has indicated that, overall, first-line EGFR-TKI treatment in patients with advanced EGFRmutated NSCLC has yielded mixed results, and many patients continue to experience short PFS. Among patients with EGFRmutated lung adenocarcinoma (ADC), some of those treated with a first-line TKI exhibited a shorter PFS compared with the median PFS reported for those treated with first-line standard chemotherapy (6) . These results prompted a search for new biomarkers that could identify subgroups of patients who might benefit from the treatment.
In view of the concept that germ-line genetic variants can strongly influence both the pharmacokinetic and pharmacodynamic profiles of administered agents, and of the example that a genome-scale association between solute carrier organic anion transporter family member 1B1 (SLCO1B1) and statin-induced myopathy was established in a genome-wide association study (GWAS) using only 85 cases and 90 controls (16) , we performed a GWAS to search for common variants associated with the PFS. In addition to replicating the initial GWAS findings that reached genome-wide significance, we conducted functional analyses to investigate the plausibility of this association further and to obtain clues regarding the biological mechanism responsible for this association (17) . We note that a recent GWAS reported pharmacogenomics loci for thoracic diseases that reached genome-scale significance (18) .
We examined whether the associated single-nucleotide polymorphisms (SNPs) are expression quantitative trait loci (eQTL) that correlate with the expression of EGFR, B-Raf proto-oncogene, serine/threonine kinase (BRAF), Erb-B2 receptor tyrosine kinase 2 (ERBB2), and growth factor receptor-bound protein 2 (GRB2), whose encoded products interact physically with the EGFR. We also examined whether these SNPs correlate with the expression of neighboring genes and if any of the cis-eQTL genes are involved in tumor progression (19) . We used both in-house and public domain gene expression data derived from clinical specimens to examine the clinical relevance of the implicated genes ( Figure 1 ). We believed that if these associations were consistent among themselves, we would gain confidence in Correspondence and requests for reprints should be addressed to Chao A. Hsiung What This Study Adds to the Field: Single-nucleotide polymorphisms (SNPs) at chromosome 4q12 were shown to be associated at a genome significance level with PFS of patients with lung adenocarcinoma treated with TKIs. Interestingly, these SNPs are associated with the expression of EGFR signaling pathway genes, including EGFR, which encodes the target of TKIs. More intriguingly, these SNPs are also associated with the expression of the gene neuromedin-U, which encodes a G protein-coupled receptor ligand known to be involved in the progression of NSCLC. These associations increase the likelihood that these SNPs may be potential biomarkers that may be useful in the treatment of patients with lung adenocarcinoma, and that one may establish the mechanism through which these SNPs modify the effect of TKIs on PFS.
the biological plausibility of the findings of this study. Considering the possibility of using these SNPs as prognosis biomarkers, we also examined whether these variants correlated with the EGFR mutation status, with the Bcl2-interacting mediator of cell death (BIM) polymorphism (20) , the deletion of which predicts a shorter PFS and with PFS after treatment with standard chemotherapy.
Methods

Cohorts and Subcohorts
Cohorts and subcohorts of this study are shown in Figure 2 . All patients with lung ADC in GELAC (Genetic Epidemiological Study of Lung Adenocarcinoma) (see online supplement) who were treated with firstline EGFR-TKI therapy, who did not undergo resection, and who were recruited before August 23, 2010 were included in this study (Table 1) ; this cohort is termed TALL (n = 198). All subjects were followed until July 25, 2012. Never-smokers in TALL formed the subcohort TNS. Females in TNS formed the subcohort TFNS. Patients in TFNS and in our earlier GWAS (21, 22) formed the TGFNS cohort.
This study also used the PGFNS cohort, which consisted of never-smoking female patients with late-stage lung ADC who were included in our GWAS (21, 22) and who were treated with first-line, platinumbased doublets, without resection. The recruitment and follow-up periods for PGFNS were similar to those reported for TGFNS.
Three-Step Genetic Association Study of PFS
The first step of our genetic association study of PFS was the standard GWAS based on TGFNS (n = 128). One region containing all the SNPs associated with PFS at genome-wide significance from this step was determined. We then obtained imputed genotype data at SNPs in this region for subjects in TGFNS. The second step examined the association between PFS and all the imputed and genotyped SNPs in this region. Based on the second step genetic association study, we selected SNPs for subsequent studies. SNPs associated with PFS at genome-wide significance and located in transcribed sequences were prioritized, and the collection of the selected SNPs spanned the region determined in the first step.
Eventually, five SNPs were chosen and genotyped in every patient in TALL using the MassARRAY (Sequenom Inc., San Diego, CA) system at the Genotyping of the five SNPs, which were selected as previously described using the GELAC cohort, of the subjects in NTU NSCLC group was performed using the TaqMan assay. The characteristics of the
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Cox's regression analysis on the expression levels of candidate/eQTL genes. ORIGINAL ARTICLE subjects in NTU NSCLC group are given in Table E1 in the online supplement. We noted that six patients belonged to both the NTU NSCLC and TALL groups of the GELAC cohorts; however, the main results of this study remain unaltered based on the association study without these six patients.
Tissue Cohort for eQTL Study
We gathered a lung cancer tissue cohort (LCTC) of patients with lung cancer who were treated surgically at the China Medical University Hospital, Taiwan. The LCTC was supported by the NRPGM, Taiwan, and approved by the institutional review boards of the NHRI and of the China Medical University. We obtained informed consent from each subject in the LCTC and collected their tumor tissue, adjacent nontumor tissue, blood, and clinical information. In some of the LCTC subjects, microarray gene expression experiments were conducted using the Illumina WG-DASL HumanRef-8 v3 or HumanHT-12 v4 BeadChip (Illumina Inc.). Genome-scale genotype data based on buffy coat DNA were also obtained for some of these subjects using the Illumina Human 660W Quad BeadChip. Finally, we obtained the genome-scale expression and genotypic data of 115 never-smoking patients with lung ADC, which we refer to as LCTCNS. The subcohort had 124 subjects, for whom we obtained SNP array data, EGFR mutation status, and BIM genotype data, was termed LCTCSMB. LCTCSMB contained LCTCNS. The eQTL study was based on the LCTCNS group and was performed for only the five previously selected SNPs. The genotypes at three of the SNPs were obtained from imputation.
Allelic Expression Imbalance
Because three of the five selected SNPs are in transcribed regions, we conducted allele Included in previous GWAS study
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Tissue cohort for eQTL study Figure 2 . Cohorts and subcohorts used in this study. Cohorts from which association of a genome-wide level of significance ( P , 10 28 ) was generated or from which an association was successfully replicated (P , 0.05) ADC = adenocarcinoma; ALL-TA = all lung ADC patients from NTU NSCLC; ALL-TN = all NTU NSCLC patients; CMUH = China Medical University Hospital; EGFR-TKI = epidermal growth factor receptor2tyrokinase inhibitor; eQTL = expression quantitative trait loci; FNS-TA = female in NS-TA; FNS-TN = female in NS-TN; GELAC = Genetic Epidemiological Study of Lung Adenocarcinoma; GWAS = genome-wide association study; LCTC = Lung Cancer Tissue Cohort; LCTCSMB = patients in LCTC who have single-nucleotide polymorphism array data, EGFR mutation status and Bcl2-interacting mediator of cell death (BIM) polymorphism data; LCTCNS = never-smoking patients with lung ADC in LCTCSMB who have gene expression array data; NS-TA = never-smokers in ALL-TA; NS-TA-M = EGFR mutation positive in NS-TA; NS-TN = neversmokers in ALL-TN; NS-TN-M = EGFR mutation positive in NS-TN; NTU NSCLC = National Taiwan University non-small cell lung cancer; PGFNS = female never-smoking patients with late-stage lung ADC who were in our GWAS (21, 22) and treated with first-line platinum based doublets, without resection; TALL = all the patients with lung ADC who were treated with first-line EGFR-TKI, without resection; TFNS = female never-smokers in TALL; TGFNS = patients in TFNS and in our earlier GWAS (21, 22) ; TNS = never-smokers in TALL.
specific expression studies for them. Using adjacent nontumor tissues, we studied the allelic expression imbalance (AEI) for rs576732, which is located in the 39-untranslated region (UTR) of steroid 5 a-reductase 3 (SRD5A3); for rs1801260, which is located in the 39-UTR of clock circadian regulator (CLOCK); and for rs3805383, which is a synonymous variant of NMU.
For each of these experiments, all heterozygous subjects in LCTCNS were selected, and their genomic DNA (gDNA) and complementary RNA (cRNA) were subjected to pyrosequencing using a standard protocol (23) . cRNA was reverse transcribed to cDNA using the SuperScript III kit (Life Technologies, Foster City, CA) and random hexamers as primers. Polymerase chain reaction and sequencing primers were designed using PyroMark Assay Design 2.0 software (Qiagen, Crawley, UK) (see Table E2 ).
Other details of AEI experiments are available as Methods in the online supplement.
Statistical Analysis
The association between a SNP and PFS was assessed using Cox's regression model with age and additively coded genotype as covariates. For the eQTL study, we applied a linear regression model to each SNP-gene probe pair, with the adjusted logarithmic expression level being the response variable and additively coded genotype as the covariate. The adjusted logarithmic expression levels were the residuals obtained from a linear regression performed after normalization and surrogate variable analysis, described in HIGH-THROUGHPUT DATA GENERATION AND PREPROCESSING in the online supplement. We used a probe to examine whether the expression level at this probe in the tumor tissue differed from that in the adjacent nontumor tissue, and performed paired t tests based on the adjusted logarithmic expression level to report the P value. The expression data used in this study were deposited in Gene Expression Omnibus (accession number GSE46539). The associations between the expression of a gene and time-to-recurrence or relapse for data in the public domain were studied using Cox's regression model, without adjusting the expression levels.
The association between an SNP and EGFR mutation status or BIM polymorphism was similarly studied, with the exception that logistic regression models were used.
Results
Genetic Association
We conducted a discovery GWAS based on 128 female never-smoking patients with lung ADC who were treated with first-line Definition of abbreviations: ECOG = Eastern Cooperative Oncology Group; EGFR-TKI = epidermal growth factor receptor-tyrokinase inhibitor; PGFNS = female never-smoking patients with late-stage lung adenocarcinoma who were in our genome-wide association study (21, 22) and treated with firstline platinum based doublets, without resection; TALL = all the patients with lung adenocarcinoma who were treated with first-line EGFR-TKIs, without resection; TFNS = female never-smokers in TALL; TNS = never-smokers in TALL. *That the median for the patients treated with platinum-based doublets seemed to be longer needs some explanations. First, this table shows that compared with the groups treated with TKI, the group treated with platinum-based doublets was approximately 7 years younger and was healthier in terms of ECOG performance status. Second, a subset of the group treated with platinum-based doublets were selected to match the age and ECOG performance status of the group treated with TKIs; comparison of the progression-free survival between these two groups indicated no significant difference between them, using either a log-rank test or a two-sample test for right censored data.
ORIGINAL ARTICLE
EGFR-TKI (without resection) and who were included in the GELAC component of the previous GWAS of female lung ADC susceptibility (21, 22) (Table 1) . After the application of rigorous quality control metrics, we analyzed 418,580 SNPs in these 128 patients with lung ADC. The analyses were based on Cox's regression model, which was adjusted for age only, because Eastern Cooperative Oncology Group performance status and tumor stage were not significant covariates. The Q-Q plot and the Manhattan plot are shown in Figure E1 in the online supplement. Nine correlated SNPs (r 2 . 0.87) located at 4q12 were significantly associated with PFS; all had P values , 10 27 , and seven had P values , 10
28 . Interestingly, we observed that most had elevated estimated hazard ratios (>5). Table E3 shows all the significant associations from the GWAS, including the additional SNPs identified by imputation in this region. Five SNPs (rs576732, rs476184, rs1801260, rs17725110, and rs3805383) located at 4q12 were chosen for follow-up analyses in the TALL cohort (n = 198) of all the patients with lung ADC who were treated with first-line EGFR-TKIs, without resection, in the GELAC cohort. The analysis showed that rs576732, rs476184, and rs1801260 were associated with PFS at the genome-wide Table 2 reports the results of this genetic association study based on three sub-cohorts of GELAC. Figure E2 provides the recombination rate and linkage disequilibrium plot in this region.
For each of these five SNPs, we also used the log-rank test to compare PFS in the three groups defined according to the number of risk alleles and found that all yielded similar results. For example, rs476184 (see Figure E3 ) was associated with a significant difference in PFS (P = 1.3 3 10
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). Because most of the patients were never-smokers, it is plausible that the effect pertains to only this subcategory of patients with lung cancer. The results were validated only in the never-smokers in the NTU NSCLC cohort, as described in METHODS and Table E1 .
Independent replication of the association between PFS and the 4q12 variants was pursued in 153 patients with advanced NSCLC drawn from the NTU NSCLC cohort. These patient cases showed that the EGFR mutation status predicted longer PFS and that the BIM deletion polymorphism predicted shorter survival in late-stage NSCLC (24, 25) . Table 3 shows the replication study based on the NTU NSCLC cohort, in which we validated the association in the neversmokers in the GELAC cohort. In particular, it shows that the P values for rs476184 were 0.01 and 0.02 among never-smoking patients with lung ADC and never-smoking patients with NSCLC, respectively. The data listed in Table 3 also suggest the presence of a signal based on the smaller set of never-smokers with an EGFR mutation. The results obtained using the log-rank test for the NTU NSCLC cohort provide further analytical support of the involvement of the 4q12 locus (see Figure E4) .
Because six patients in the NTU NSCLC group were included already in GELAC, we also conducted a replication study without these six patients and report the results in Table E4 . The results in Table  E4 are similar to those in Table 3 .
Associations between SNPs, Gene Expressions, and Survival
We examined the association between SNPs at 4q12 and the expression of EGFR, BRAF, ERBB2, and GRB2, which are not on chromosome 4, and the expression of genes located within 500 kb from any of these SNPs. Using Illumina's expression chip, we considered the eight nearest genes, centrosomal protein 135 (CEP135), CLOCK, exocyst complex component 1 (EXOC1), kinase insert domain receptor (KDR), NMU, phosducin-like 2 (PDCL2), SRD5A3, and transmembrane protein 165 (TMEM165). We first examined whether these 12 genes were associated with tumor status and the time-to-recurrence of tumors.
Data were obtained from the tumor and adjacent nontumor tissues of 115 neversmoking patients with lung ADC from the in-house LCTCNS group (see METHODS). Table E5a shows that, except for CEP135 and CLOCK, the expression level of each of the other 10 genes in lung ADC tissues Definition of abbreviations: ADC = adenocarcinoma; Chr = chromosome; CI = confidence interval; EGFR = epidermal growth factor receptor; GELAC = Genetic Epidemiological Study of Lung Adenocarcinoma; MAF = minior allele frequency; PFS = progression-free survival; SNP = single-nucleotide polymorphism; TALL = all the patients with lung adenocarcinoma who were treated with first-line EGFR-TKIs, without resection; TKI = tyrokinase inhibitor; TFNS = female never-smokers in TALL; TNS = never-smokers in TALL. *The positions of the SNPs were taken from human NCBI (National Center for Biotechnology Information) dbSNP build 36 (h18). † Minor allele listed second. ‡ MAF, based on TALL (all of the 198 subjects).
x P values and hazard ratios for each SNP were obtained from fitting a Cox's regression model for each of the cohorts-TFNS, TNS, and TALL (all)-adjusted for age. The three coordinates in each cell were ordered to give corresponding values for TFNS, TNS, and TALL. Characteristics of TFNS, TNS, and TALL are given in Table 1 . The largest hazard ratios appeared in the group of never-smokers. differed from that in the adjacent nontumor tissues. Table E5b shows that, except for CEP135, the expression of each of the remaining genes differed between the tumor tissues and adjacent nontumor tissues in at least one of the five microarray data sets that were derived from clinical lung tissue samples in the public domain (see METHODS). Among these genes, NMU, SRD5A3, EGFR, KDR, and BRAF showed the largest-fold change in expression level according to Table E5a . Table E5c shows that except for EXOC1, the expression of all of the other genes was associated with the time-to-recurrence or relapse of tumors in patients with lung ADC or patients with NSCLC on the microarray data sets and timeto-recurrence or relapse information from GSE31210, GSE10245, and GSE8894 (see online supplement). The number of significant correlations observed suggests that it was unlikely that they all occurred by chance.
Using the data from 115 patients from the LCTCNS group, we report the eQTL results in four tables: Tables 4, 5, and 6 for  rs3805383 and Table E6 for rs1801260, rs17725110, rs576732, and rs476184. The expression of all of these genes, except for CEP135, KDR, and TMEM165, were associated to varying degrees with the five SNPs, and the three types of associations were compatible when they were statistically significant. For example, the data in Tables 2 to 6 and Table E5c together indicate that the increase in the number of minor alleles at rs3805383 correlated with the decrease in PFS and with the increase in EGFR expression in the tumor tissue; the latter correlated with the decrease in the time-to-recurrence or relapse, although the mRNA probes differed between the different platforms. Similar phenomena were observed to varying degrees for BRAF, ERBB2, GRB2, CLOCK, NMU, PDCL2, and SRD5A3 in both tumor and nontumor tissues. Among these eight genes, the expression of CLOCK, NMU, and SRD5A3 continued to be associated with some of these SNPs, including rs3805383, based on the eQTL analyses of the 274 nontumor lung tissues from mainly non-Asian patients in the Genotype-Tissue Expression (GTEx) study (26) (Tables 4, 5, 6 , and E6).
One of the mechanisms that can account for how cis-eQTLs work is that these DNA sequence variations are The genotype is coded by the number of minor alleles. The detail of the adjustment is described in high-throughput data generation and preprocessing (see the online supplement). The first and second columns describe the sample type and tissue type, respectively. The third column gives the genotype information. Each of the remaining columns gives the mean levels and the SD in the parentheses.
P values , 0.05 are in bold. Table 6 . Mean Levels by Genotype of rs3805383 for the Expression Quantitative Trait Locus Analysis Reported in Table 4 The genotype is coded by the number of minor alleles. The detail of the adjustment is described in high-throughput data generation and preprocessing (see the online supplement). The first and second column describe the sample type and tissue type, respectively. The third column gives the genotype information. Each of the remaining columns gives the mean levels and the SD in the parentheses.
P values , 0.05 are in bold.
ORIGINAL ARTICLE regulatory polymorphisms that alter the level of expression of nearby transcripts. If such variants are synonymous and located in the exon of particular genes, then AEI might be observed. We observed an AEI at rs3805383, which is a synonymous SNP located in the exonic region of NMU (see Figure E5a ). Using the imputed genotypic data, we identified and pyrosequenced all 14 subjects in the LCTCNS group who were heterozygous at rs3805383. Using allelespecific expression ratios (ASERs), we found an AEI in 4 of the 14 subjects; their ASERs were 1.48, 2.40, 1.52, and 0.57; thus, they met the established criterion for an AEI (23) . Figure E5b depicts the pyrograms of representative subjects. We also measured the ASER for each subject in the LCTCNS group who were heterozygous at rs576732 or rs1801260. Although we did not find AEIs according to this criterion, the ASERs for rs576732 provided some suggestive evidence; Table E7 reports the results.
Absence of Correlation with EGFR Mutation Status, BIM Polymorphism, and PFS after Standard Chemotherapy
Individuals with EGFR-mutated NSCLC harboring the BIM deletion polymorphism may experience a poorer response to EGFR-TKIs compared with those without the polymorphism (20, 24) . Our reported variants at 4q12 were not associated with either EGFR mutation status or BIM polymorphism. Using the LCTCSMB group (n = 124), in which EGFR mutation status, BIM polymorphism, and the SNP array data were available for each patient, we found no association with either the genotype data at rs476184 and rs17725110 or with the imputed genotype data at rs576732, rs1801260, and rs3805383 (see Table E8 ). Table E9 ), the correlation presented in Table E8 was restricted to subjects who were either EGFR wild-type or had the EGFR common mutations. We evaluated the association between the 4q12 variants and PFS based on PGFNS (n = 360), which consisted of female neversmoking patients with lung ADC who were previously studied in a reported GWAS (21, 22) and who were treated with first-line, platinum-based doublets but without resection. Table E10 shows a lack of association between the genotypes at these loci and the PFS among the PGFNS group based on Cox's regression model adjusted for age. Similar results were obtained using the log-rank test for each of these SNPs (see Figure E3b) . These results suggest that it might be beneficial to explore first-line, platinum-based doublets instead of EGFRTKIs as a possible treatment for female patients with late-stage lung ADC who are carrying a risk allele at these SNPs.
Using the ENCyclopedia of DNA Element (27) data, we found that several of these SNPs may be involved in the regulation of gene expression (see Table E11 ). The fact that rs3805383 is located in predicted enhancer region with flanking enhancer and promoter associated histone mark (H3K4Me1 and H3K4Me3) ( Figure E5a ) strongly suggests that rs3805383 is a regulatory SNP. This is not only in line with the findings of this study but also points to directions for future mechanistic studies.
Discussion
Our study showed that germ-line variants at 4q12 were associated with PFS among neversmoking patients with late-stage lung ADC who were treated with first-line EGFR-TKIs. This association reached genome-scale significance in the GELAC cohort and was supported by a genetic study in an independent cohort, NTU NSCLC, in which this association was also established among a smaller group of never-smoking patients and patients with the EGFR mutation. We also found associations between these SNPs and the expression of BRAF, EGFR, ERBB2, GRB2, CLOCK, NMU, PDCL2, and SRD5A3 in lung tissues, which was also associated with the time-to-recurrence or relapse, and tumor status. In particular, the correlation between rs3805383 and the expression of CLOCK, NMU, and SRD5A3 also appeared in the 274 nontumor lung tissues of mostly non-Asian patients in the GTEx study. We found an AEI of NMU at rs3805383.
Interestingly, the mechanistic involvement of NMU in lung cancer was reported previously (28) . In that report, GHSR1b and NTSR1, which are two Gprotein coupled receptors, were identified as NMU receptors in lung cancer cells.
Furthermore, NTSR1 was identified as a potential prognostic marker of lung ADC; NTSR1 activation participates in lung cancer progression (29) . In contrast, PDCL2 encodes a member of the phosducin-like protein family that regulates G-protein signaling or chaperone-assisted protein folding (30) .
The preceding functional analyses seem to support the biological plausibility of the association between SNPs in 4q12 and PFS. The consistency shown in these association studies reinforces each of the scientific findings. It seems that BRAF, EGFR, NMU, and SRD5A3 deserve the most attention because their expression levels showed the largest-fold change between tumor and nontumor tissues and had the most significant correlation with genotype at rs3805383, based on our own data.
Because never-smoking and the EGFR mutation seems to be related, and patients with these characteristics respond favorably to EGFR-TKIs (31), it would be interesting to determine which variants at 4q12 are associated with PFS in patients with the EGFR mutation. This and the association between these variants and EGFR expression suggest this locus could modify the effect of EGFR-TKIs on PFS in patients with lung ADC.
We also found that these variants were not associated with EGFR mutation status or with BIM polymorphism, nor with PFS in never-smoking patients with late-stage lung ADC who were treated with first-line, platinum-based doublets. This suggests that it may be worthwhile to examine whether patients with the EGFR mutation who carry a minor allele at these SNPs might respond more favorably to first-line, platinum-based doublets rather than to first-line TKIs.
Our results warrant further confirmatory studies before transitioning to clinical studies. Because the minor allele frequencies of these variants were much higher in Japanese and European populations (see Table E12 ), if confirmed, our results might have important implications for clinical practice. Further laboratory studies are needed to examine the validity of these results and to further the understanding of the biological mechanisms responsible for the effect of the 4q12 locus. n Author disclosures are available with the text of this article at www.atsjournals.org.
